
Salmonella Enteritidis Infection Decreases • CID 2004:38 (Suppl 3) • S135

S U P P L E M E N T A R T I C L E

Dramatic Decrease in the Incidence of Salmonella
Serotype Enteritidis Infections in 5 FoodNet Sites:
1996–1999

Ruthanne Marcus,1 Terry Rabatsky-Ehr,1 Janet C. Mohle-Boetani,2 Monica Farley,3 Carlota Medus,5

Beletshachew Shiferaw,6 Michael Carter,7 Shelley Zansky,8 Malinda Kennedy,4 Thomas Van Gilder,4

and James L. Hadler,1 for the Emerging Infections Program FoodNet Working Groupa

1Connecticut Emerging Infections Program, New Haven and Hartford; 2California Department of Health Services, Berkeley; 3Emory University
School of Medicine and 4Foodborne and Diarrheal Diseases Branch, Division of Bacterial and Mycotic Diseases, National Center for Infectious
Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia; 5Minnesota Department of Health, Minneapolis; 6Department of Human
Services, Oregon Health Division, Portland; 7Maryland Department of Health and Mental Hygiene, Baltimore; 8New York State
Department of Health, Albany

Salmonella serotype Enteritidis (SE) emerged as the most common Salmonella serotype among infected persons

in the United States during the 1980s and 1990s, with infections reaching a peak in 1995. During the past

decade, farm-to-table control measures have been instituted in the United States, particularly in regions with

the highest incidence of SE infection. We report trends in the incidence of SE in the 5 original surveillance

areas of the Foodborne Diseases Active Surveillance Network during 1996–1999: Minnesota, Oregon, and

selected counties in California, Connecticut, and Georgia. Overall, the incidence of SE decreased 46% from

1996 to 1999. The greatest decrease was in Connecticut (71%), followed by northern California (50%), Min-

nesota (46%), and Oregon (13%). Although SE infection remains an important public health concern, there

has been a remarkable decrease in its incidence. This decrease may be a result of targeted interventions,

including on-farm control measures, refrigeration, and education efforts.

In the United States, Salmonella infections are the sec-

ond most common cause of bacterial foodborne illness,

behind Campylobacter infections [1–3]. During 1994–

1996, Salmonella serotype Enteritidis (SE) was the most

frequently reported serotype of Salmonella, and it ac-

counted for 22% of culture-confirmed Salmonella in-

fections reported via national surveillance [4].

In the early 1980s, the incidence of infection with
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SE was higher in the northeastern United States than

in other areas of the country [5, 6]. Since 1990, how-

ever, rates of infection have decreased in the northeast

while increasing considerably in the west [6]. Infor-

mation on incidence trends and sources of SE infections

come from national, passive, public health laboratory–

based surveillance systems and foodborne disease out-

break surveillance.

In 1995, the Centers for Disease Control and Pre-

vention (CDC) and 5 state health departments, in col-

laboration with the Food Safety and Inspection Service

of the US Department of Agriculture and the US Food

and Drug Administration (FDA), established the Food-

borne Diseases Active Surveillance Network (FoodNet)

to determine more accurately the burden of foodborne

illness in the United States and to gain a clearer un-

derstanding of the risk factors for foodborne illness and

the reasons for differences in incidence rates [7].

FoodNet surveillance areas (also known as “FoodNet
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Table 1. Salmonella serotype Enteritidis (SE) as a percentage of all Salmonella isolates serotyped, by site and year, from the 5
original FoodNet sites, 1996–1999.

Site

No. (%) of isolates, by year

1996 1997 1998 1999

Serotyped Identified as SE Serotyped Identified as SE Serotyped Identified as SE Serotyped Identified as SE

California 356 59 (16) 341 42 (12) 322 29 (9) 295 31 (11)

Connecticut 279 128 (46) 280 116 (41) 203 56 (28) 236 37 (16)

Georgia 258 14 (5) 262 19 (7) 315 19 (6) 434 31 (7)

Minnesota 643 118 (18) 604 115 (19) 567 60 (11) 590 65 (11)

Oregon 375 39 (10) 325 37 (11) 294 41 (14) 386 35 (9)

Total 1911 358 (19) 1812 329 (18) 1701 205 (12) 1941 199 (10)

sites”) are located in different parts of the United States, to

provide insight into regional differences in rates of infection

and to monitor trends over time. We report surveillance data

for culture-confirmed cases of SE infection ascertained in the

5 original FoodNet sites during 1996–1999. We also present

1999 data from the entire 7-site FoodNet catchment area to

show the burden of SE infection in the United States with

greater precision.

MATERIALS AND METHODS

In 1996, the 5 FoodNet sites initiated active laboratory-based

surveillance for culture-confirmed cases of infection with 7

bacterial foodborne pathogens, including Salmonella species.

Surveillance was conducted in Minnesota and Oregon and in

selected counties in California (Alameda and San Francisco),

Connecticut (Hartford and New Haven), and Georgia (Clayton,

Cobb, Dekalb, Douglas, Fulton, Gwinnett, Newton, and Rock-

dale). The total population under surveillance, according to the

1996 postcensus estimate, was 14,281,096. The 1999 postcensus

estimate was 14,782,206 for the same catchment area. In 1997,

the population of the catchment area increased to 16,110,250

with the addition of counties in Connecticut (Fairfield) and

Georgia (Barrow, Bartow, Carroll, Cherokee, Coweta, Fayette,

Forsyth, Henry, Paulding, Pickens, Spalding, and Walton). In

1998, the population increased to 20,723,982 with the addition

of counties in Maryland (Anne Arundel, Baltimore City, Bal-

timore County, Carroll, Harford, and Howard) and New York

(Genesee, Livingston, Monroe, Ontario, Orleans, Wayne, and

Yates) and the extension of surveillance to the entire state of

Connecticut. In 1999, the population increased to 25,859,311

with the addition of counties in New York (Albany, Columbia,

Greene, Montgomery, Rensselaer, Saratoga, Schenectady, and

Schoharie) and the extension of surveillance to the entire state

of Georgia. We conducted trend analysis by comparing the rates

in the original 5 FoodNet sites using postcensus estimates for

1996–1999 sites as denominators. We conducted the study in

accordance with guidelines for human research as specified by

the US Department of Health and Human Services.

All culture-confirmed cases of infection with Salmonella spe-

cies were ascertained by the FoodNet surveillance system. Active

surveillance included laboratory contact through visits or tel-

ephone calls at least monthly to ensure that all culture-con-

firmed cases were ascertained. The methods of surveillance used

at each FoodNet site depended on the availability of computer-

generated reports, the geographic feasibility of laboratory visits,

and the accessibility of laboratory reports.

A standardized case-report form was used for all culture-

confirmed cases of Salmonella infection. Data collected for each

case included demographic information on the infected person

(name, address, age or date of birth, sex, race/ethnicity, and

county of residence), specimen information (date of specimen

collection, source of specimen [e.g., stool or blood], and re-

porting laboratory), the status of the infected patient at the

time of specimen collection (outpatient or inpatient), whether

the patient was subsequently hospitalized, and the patient’s

outcome (alive or dead).

Reports of Salmonella isolated from urine were not included

in surveillance before 1999. Since 1999, however, specimens

from urine have been included. For this analysis, we excluded

1999 data on SE isolated from urine from our trend analysis

but did include them in our analysis of 1999 data from all 7

sites.

Laboratory testing and serotyping. All clinical microbi-

ology laboratories that received specimens from catchment area

residents routinely culture all submitted stool specimens for

Salmonella species. Laboratories are legally required to report

any isolation of Salmonella species to the appropriate state pub-

lic health department. In addition, clinical laboratories in Con-

necticut and Minnesota are required to forward all Salmonella

isolates to the state public health laboratory for serotyping. In

Georgia, Maryland, and New York, laboratories are asked but

not required to forward Salmonella isolates; in California and

Oregon, laboratories are required to send such isolates to the
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Table 2. Incidence of Salmonella serotype Enteritidis infection,
FoodNet, 1996–1999.

Variable

Original 5 sites
All 7

sites,a

19991996 1997 1998 1999
4-year
mean

By site
California 2.9 2.0 1.4 1.4 1.9 1.4
Connecticut 7.9 7.2 3.5 2.3 5.2 3.3
Georgia 0.5 0.7 0.7 1.1 0.7 0.7
Minnesota 2.5 2.5 1.3 1.4 1.9 1.4
Oregon 1.2 1.1 1.2 1.1 1.2 1.1
Maryland … … … … … 4.2
New York … … … … … 1.0

All sites 2.5 2.3 1.4 1.3 1.9 1.6
By sex

Male 2.5 2.2 1.3 1.4 1.8 1.6
Female 2.6 2.4 1.5 1.3 1.9 1.6

By age group, years
!1 4.1 2.0 5.6 3.0 3.9 6.5
1–9 3.2 2.5 1.9 1.9 2.5 2.6
10–19 1.9 1.9 0.9 1.2 1.6 1.3
20–29 2.9 3.2 1.7 1.6 2.6 1.7
30–39 2.8 2.1 1.2 1.3 2.0 1.4
40–49 2.0 2.4 1.3 0.9 1.9 1.3
50–59 3.1 2.2 1.5 1.3 2.2 1.4
�60 1.8 1.8 1.1 1.2 1.6 1.4

By race (adjusted)
White 2.6 2.2 1.5 1.3 1.9 1.6
Black 2.5 2.4 1.3 1.5 1.9 2.4
Hispanic 3.5 4.5 1.5 1.9 2.8 1.9
Asian 1.1 1.6 0.6 1.0 1.1 1.1
American Indian 1.3 0.0 0.0 1.2 … 1.0

a Includes all 7 sites (25 million population) under surveillance in 1999.

state laboratory if they do not perform serotyping themselves.

State public health laboratories serotyped Salmonella isolates

using the Kauffmann-White scheme [8].

Data analysis. Surveillance data were entered into the

CDC Public Health Laboratory Information System at each site.

Data, excluding patient identifiers, were transmitted electron-

ically to CDC on a routine basis. Individual site data were

compiled, aggregated, and analyzed at CDC with the use of

SAS software, version 6.12 (SAS). We calculated SE infection

rates using 1996, 1997, 1998, and 1999 postcensus population

estimates from the US Bureau of the Census. To account for

patients for whom we had no racial/ethnic identification, we

adjusted infection rates among racial/ethnic groups by assum-

ing that the racial/ethnic distribution among such patients was

identical to that among patients for whom we did have data

on race/ethnicity.

RESULTS

Trend during 1996–1999. During the period 1996–1999,

FoodNet ascertained 7802 cases of infection with Salmonella

species in the 5 original sites (in 1996, 2064 cases; in 1997,

1943 cases; in 1998, 1786 cases; and in 1999, 2009 cases). Of

the 7365 Salmonella isolates that were serotyped, the proportion

that were SE progressively decreased by 47% from 1996 to 1999,

from 19% to 10% ( , x2 for trend) (table 1). In 1996, theP ! .05

percentage of Salmonella isolates that were SE varied widely by

state, from a high of 46% in Connecticut to a low of 5% in

Georgia (table 1). Three states accounted for most of the cases

overall and for most of the decrease from 1996 to 1999: Con-

necticut (from 46% to 16%; , x2 for trend), Minnesota�5P ! 10

(from 18% to 11%, ), and California (from 16% to�5P ! 10

11%, , x2 for trend).P p .008

The overall incidence of SE infections per 100,000 population

decreased 46% during 1996–1999, from 2.5 to 1.3 (table 2).

Incidences of SE infection varied by site and year, with the

highest rate in Connecticut in 1996 (7.9) and the lowest rate

in Georgia in 1996 (0.5). The decrease in incidence from 1996

to 1999 was greatest in Connecticut (71%). Rates also decreased

in California (50%), Minnesota (46%), and Oregon (13%).

Overall and annual rates were similar for male and female

subjects; both decreased during the 4-year time period.

Examining the data by age group, we found that average

annual rates of SE infection were highest among infants aged

!1 year (3.9 cases/100,000 population) (table 2). Only in Cal-

ifornia, however, were rates of SE infection not highest among

infants (figure 1). Rates decreased in all age groups from 1996

to 1999, although the decrease was generally not progressive

within any given age group. The group aged 30–59 years had

the biggest decrease (54%), and infants had the smallest de-

crease (15%).

Overall, 66% of the reports had complete race/ethnicity data.

The adjusted annual average incidences by race/ethnicity were

2.8 cases/100,000 population among Hispanics, 1.9 cases/

100,000 population among whites and blacks, 1.1 cases/100,000

population among Asians/Pacific Islanders, and 0.6 cases/

100,000 population among American Indians. Although sub-

stantial and progressive decreases in the incidence of SE infec-

tion during 1996–1999 occurred among whites (50%),

Hispanics (46%), and blacks (40%), infection rates changed

little in the other 2 groups (table 2). The number of cases of

SE infection peaked in the summer months throughout the

study period, and the decrease from 1996 to 1999 occurred in

all months of the year.

An average of 17% of infected persons were hospitalized each

year: 17% in 1996 and 1997, 15% in 1998, and 19% in 1999.

Hospitalization rates by year varied widely between and within

states, from 25% in California in 1996 to 7% in Oregon in

1998. The percentage of infected persons who were hospitalized

was highest in the youngest and oldest age groups, peaking at
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Figure 1. Four-year average incidences of Salmonella serotype Enteritidis infection, by age group and site, FoodNet, 1996–1999

Figure 2. Four-year average percentage of persons with Salmonella serotype Enteritidis infection who were hospitalized, by age group, FoodNet,
1996–1999.

24% among infants and 36% among persons aged �60 years

(figure 2). Because 2 persons with SE infection died during the

study period, the case-fatality rate was 0.2%.

Data from 1999. In 1999, there were 419 cases of SE

infection identified in the 7 FoodNet sites in combination,

which meant that the incidence was 1.6 cases/100,000 popu-

lation. This rate was 19% higher than the 1.3 cases/100,000

population in the 5 original sites in 1999. The lowest and high-

est incidence rates were in Georgia (0.7 cases/100,000 popu-

lation) and Maryland (4.2 cases/100,000 population) (table 2).

In 1999, average sex- and age-specific rates were higher in the

7 sites than in the 5 original sites. The difference in rates was

most pronounced among infants (6.5 vs. 3.0 cases/100,000 pop-

ulation). Rates among children aged !10 years and persons

aged 140 years were highest in Maryland. Expanding the catch-

ment area had a substantial influence on rates of infection by

race/ethnicity. The rate among blacks in Maryland in 1999 was

56.7 cases/100,000 population, with the addition of Maryland;

therefore, blacks (with 2.4 cases/100,000 population) replaced

Hispanics (with 1.9 cases/100,000 population) as the group with

the highest rate of infection (table 2).

DISCUSSION

SE infection rates varied widely among the FoodNet sites. These

regional variations, which have been apparent in the National

Salmonella Surveillance System since the 1980s, contrast with

overall Salmonella rates, which exhibit less regional variation

(figure 3) [4]. Exploring these regional differences is essential

to understanding the factors that have contributed to the overall

decrease in rates of infection.

From 1996 to 1999, the incidence of SE infection in the 5

original FoodNet sites decreased by 46%. This decrease oc-

curred in 4 of 5 FoodNet sites, with the most marked decrease

in the sites that had the highest baseline incidence in 1996.

Georgia was the only FoodNet site where the SE infection rate

increased. Possible explanations for the increase may be related

to increases in serotyping at the state laboratory. The rate of
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Figure 3. Incidence of infection with Salmonella serotype Enteritidis, by region and year, United States, 1970–1998

SE infection in Georgia was stable from 1996 to 1998 but in-

creased in 1999. During the same time period (1996–1999), the

number of Salmonella isolates that were serotyped in Georgia

increased steadily. This increase in serotyping does not, how-

ever, entirely explain the increase in SE infection in Georgia

from 1998 to 1999, because the number of all infections caused

by Salmonella species increased by 23%. This increase may have

occurred because, in 1996, Georgia had not yet been affected

by the outbreak of SE infection that affected the United States.

The reasons for this statewide change warrant further

examination.

To determine why the incidence of SE infection decreased

in the FoodNet sites, one must examine the risk factors for

infection. The most common food source implicated in SE

infection outbreaks is shell eggs [6, 9–12]. Of the 360 outbreaks

of SE infection with a confirmed source reported during 1985–

1998 to the CDC, 279 (78%) were associated with raw or un-

dercooked shell eggs [6]. Less is known about the risk factors

for sporadic SE infection. In a case-control study of sporadic

SE infection in Minnesota, Hedberg et al. [13] found that risk

for such infections was associated with eating undercooked eggs

or egg-containing foods. Similar findings were reported from

case-control studies conducted in California [14], New York

[11], Wisconsin [15], and Trinidad and Tobago [16]. In a

FoodNet case-control study of SE infection that was conducted

in 1996–1997, international travel and the consumption of

chicken prepared outside the home were found to be significant

risk factors for infection [17].

Several factors, including on-farm control measures, use of

refrigeration, and consumer and food-service worker educa-

tion, may be contributing to the decrease in SE infection rates

[6, 18, 19]. Changes in on-farm control measures include the

implementation of egg traceback investigations and quality as-

surance programs. When eggs are implicated in an outbreak

of SE infection, state health departments or FDA officials can

conduct a traceback investigation to identify the source of the

eggs and ensure that infected eggs from that source are sent to

pasteurization facilities. The fact that quality assurance pro-

grams were first implemented in the northeastern states may,

in part, account for the significant reduction in rates of SE

infection in Connecticut and other FoodNet sites [6].

Insisting on proper refrigeration is a means of reducing rates

of SE infection. Since 1998, the Food Safety and Inspection

Service has required that shell eggs be stored and transported

at �45�F and that consumer containers carry labels indicating

that refrigeration is required [19].

If the consumption of chicken is a risk factor for SE infection,

the measures taken to reduce SE contamination among chick-

ens probably contributed to the decrease in SE infection rates.

These measures also probably contributed to the modest de-

crease in the rate of Campylobacter infection [20]. A review of

data on nonhuman isolates and the prevalence of flock infec-

tions may help determine whether the efforts being made in

egg and chicken safety are truly influencing the rate of human

infection.

The incidence of SE infections in FoodNet surveillance areas

was somewhat lower than the nationwide estimates of the Na-

tional Salmonella Surveillance System, which probably reflects

an underrepresentation in FoodNet of states with a high in-

cidence of SE infection. However, both surveillance systems

indicated similar decreases in incidence during 1996–1999. The

national reported rate of isolation of SE was 3.61 cases/100,000

population in 1996 and 1.96 cases/100,000 population in 1999,

a decrease of 46% [21]. The consistencies of these decreases

suggest that FoodNet surveillance is capturing a general, rather

than a local, effect.

Of note is the change in SE infection rates after the expansion

of the FoodNet catchment area. The increase in rates with the

addition of Maryland and New York is not surprising, given

the dramatic variations in rates among the original 5 sites. The

epidemiology of SE infection appears to have been different in

each area, with higher SE infection rates among blacks in Mar-
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yland and Connecticut but not in the other sites. Rates among

infants were particularly high in Maryland, Connecticut, and

New York. These regional variations should continue to be

monitored. The larger FoodNet catchment area (29.5 million

persons, or 10.8% of the United States population in 2000) will

allow for better estimates of the true burden of SE infection

in the country and will provide the opportunity to monitor

trends over time.

The recent dramatic decrease in rates of SE infection is en-

couraging; however, better prevention efforts on farms and in

the production and distribution of eggs and chickens are

needed, as are better methods of monitoring of these prevention

efforts. The use of approved technology, such as the pasteur-

ization of shell eggs and irradiation of poultry, may prove to

be important in efforts to further reduce the rate of SE

infections.
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